Study Design. Report of a family affected with X-linked spondyloepiphyseal dysplasia tarda with special respect to radiologic alterations of the spine from puberty to the forth decade and to molecular analysis of the underlying genetic defect.
Objectives. To report the typical radiologic presentation of patients with X-linked spondyloepiphyseal dysplasia tarda and the diagnostic tool of mutation screening for that disease in order to avoid confusion with similar occurrences.
Summary of Background Data. Spondyloepiphyseal dysplasia tarda is a genetically heterogeneous disorder that frequently manifests itself with back pain starting around puberty. The X-linked recessive form (X-linked spondyloepiphyseal dysplasia tarda) affects males and is clinically characterized by an arm span markedly exceeding total height, a barrel chest deformity, and early development of degenerative joint disease. The disorder is caused by mutations in the SEDL gene located on Xp22.12-p22.31.
Methods. Radiologic alterations of the cervical, thoracal, and lumbar spine were assessed in the affected family members and one suspected female carrier in correlation to age. All 6 exon codings for the SEDL gene were analyzed by primer cycle sequencing.
Results. In 3 male patients from a French family, we identified a 5 base pair deletion in SEDL, exon 5 at position 267-271 (delAAGAC). Carrier status for the mutation could be confirmed in one female member of the family, which is inconspicuous in terms of spine and joint diseases. Radiologic abnormalities of the patients comprised generalized platyspondyly, a hump-shaped deformity of cervical, thoracal, and lumbar vertebral bodies as well as signs of retrospondylophytes, osteochondrosis, and spondylarthrosis.
Conclusions. X-linked spondyloepiphyseal dysplasia tarda should be kept in mind as a differential diagnosis in men with early onset of back pain and radiologic abnormalities of the vertebral bodies comprising platyspondyly and a central hump. Back pain starting in the second to third decade is widespread, and its differential diagnosis may be difficult, especially when early degenerative alterations are associated. Besides rather common diseases like Morbus Scheuermann, several skeletal dysplasias, some of which include marked platyspondyly, may be underlying such complaints. One example is the X-linked spondyloepiphyseal dysplasia tarda (SEDL), which is a mild variant with usually low normal stature, barrel chest deformity, and minor epiphyseal but characteristic vertebral body dysplasia comprising platyspondyly and a central hump.
1,2 The first signs of SEDL occur around puberty with back pain, and later degenerative joint disease is common among the adult patients and often makes hip joint replacement necessary in the fourth or fifth decade. In 1988, the locus responsible for SEDL was mapped to Xp22. 3 Recently, several mutations in a gene located within that region have been described in patients with SEDL. 2,4 -9 This gene, termed SEDL according to the disease, is expressed in cartilage and various other tissues. 10 We present a family in which we identified a mutation in the SEDL gene that causes typical deformities of the vertebral bodies in the affected members. Retrospective evaluation of radiographs allowed us to follow the spinal manifestations over more than a decade. The long time span until the correct diagnosis was set reflects the overlap of spinal alterations in SEDL with other diseases like Scheuermann disease, Stickler Syndrome, Morquio disease, or brachyolmia. According to the degenerative process in older age, diagnosis remains difficult. In this situation, mutation screening for SEDL proved to be an important new diagnostic tool.
Patients and Methods
Family Report. The family was presented for genetic counseling in view of a planned pregnancy. Several family members had a history of early back pain and radiologic signs of dysplastic vertebral bodies that had lead to the diagnosis of Morquio disease, dating from 1979. Additional enzymatic studies to confirm the diagnosis failed. Therefore, clinical data were reconsidered, and another radiologic examination of an affected male was done. The family's pedigree indicated an X-linked recessive trait of inheritance ( Figure 1 ) with two women (I-2 and II-6) suspected to be carriers of the mutant allele. Clinical and anthropometric data as well as blood samples were obtained from all patients and the presumptive two female carriers with informed consent.
Mutation Analysis. For mutational screening, all 6 exon of the SEDL gene were analyzed by primer cycle sequencing. Genomic DNA was isolated from blood samples with QIAmp® DNA Blood Mini Kit (QIAGEN, Hilden, Germany) following the manufacturer's instructions. Amplification, primers, and polymerase chain reaction (PCR) conditions are described elsewhere. 11 Sequencing was performed by using the Thermo Sequenase Primer Cycle Sequencing Kit. Samples were run on a fluorescent automated DNA sequencer, ALFexpress™, and the ALFwin™ Sequence Analyzer Software V2.1 was used for data processing (all Amersham Biosciences Europe GmbH, Freiburg, Germany).
Results

Clinical Phenotype
The pedigree of the family and the X-linked inheritance is presented in Figure 1 . The affected male patients had barrel chest deformity and a height at the lower extreme of normal range. Patient II-1 had an arm span of 1.78 m, markedly exceeding his height of 1.58 m. The female carrier (I-2) showed no such disproportion, with a nearly equal height of 1.60 m and arm span of 1.63 m. From the end of the first decade, the complaints of the male patients led to repeated radiologic evaluation of the spine and other joints. They developed early onset degenerative joint disease, and Patient II-1 underwent replacements of both hips and the left shoulder until the age of 39 years.
As shown in Figure 2 , radiographs of the lumbar spine revealed platyspondyly and dysplasia of the vertebral bodies with a more or less pronounced hump in the central or dorsal region. Similar alterations could be observed in the thoracic ( Figure 3 ) and cervical spine (Figure 4) . The female II-2 did not show these abnormalities. Interestingly, in the patients, the degree of kyphosis was less severe than expected from the severity of vertebral body deformation.
From Patient II-3, a radiograph of the cervical spine was already performed at the age of 11, 12, and 33 years ( Figure 4) showing the typical hump-shaped deformities of vertebral bodies with endplate deformities similar to the lumbar region. In addition, clear signs of retrospondylophytes, osteochondrosis, and spondyloarthrosis were detectable in the radiographs. Overall, developments of spinal alterations included early onset and rapid progression of degenerative spine disease.
Mutation Analysis
Direct sequencing of PCR-amplified SEDL exon 1 to 6 with their flanking regions revealed hemizygosity for a 5 bp deletion in the index Patient II-4. This mutation affects the nucleotides at position 267 to 271 of exon 5 and causes a frameshift after amino acid 90, followed by 8 missense amino acids and a termination codon. Thus, 50 amino acids from the C-terminus were deleted. Segregation of the mutant allele could be confirmed by sequence analysis in all affected family members and the female carrier I-2 ( Figure 5 ). No changes in other regions of the SEDL gene could be detected.
Discussion
The French family presented confirms previous reports that the phenotype of SEDL is clinically not very impressive at an early age and that there is an overlap of spinal alterations with other diseases like Morquio Syndrome, brachyolmia, Stickler Syndrome, Morbus Scheuermann, or early degenerative disease of weight bearing joints and the spine in general. 2, 12 Moreover, the X-linked recessive mode of inheritance may prevent identification of its heritable basis.
Therefore, some cases might not be recognized during routine orthopedic care, and the incidence of patients with SEDL may be higher than expected so far. In males with early chronic back pain, the presence of a disproportion between rump and limb length and family history should be carefully assessed. If this additional information is compatible with the diagnosis of SEDL, the lumbar spine should be radiographically evaluated. The presence of platyspondyly associated with a humpshaped deformity of vertebral bodies should lead to further evaluation of epiphyseal regions of the hip joint, for example.
Interestingly, the degree of kyphosis was less than could be expected from the degree of vertebral body deformation, indicating that intervertebral disc tissue could compensate partially for the dysplastic shape of the vertebrae. The radiologic follow-up over more than a decade also revealed that spinal abnormalities were not as progressive than those of weight bearing joints indicated by early joint replacement in one of the affected family members. Some skeletal dysplasias that have similar radiologic manifestations of the spine can be separated quite easily from SEDL by their involvement of marked short stature. Others like Morquio Syndrome or Stickler Syndrome can be excluded by their involvement of specific nonskeletal tissues and metabolic analysis of mucopolysaccharide excretion (Morquio Syndrome) or mutation screening (collagen types II and XI in Stickler Syndrome). Stickler syndrome (hereditary arthroophthalmopathy) is an autosomal dominant connective tissue disorder linked to mutations in Type II and Type XI collagen. 13 It is often associated with vitreoretinal degeneration, severe myopia, cleft palate, high frequency hearing loss, hip anomalies, and early degenerative joint disease. Spinal abnormalities in Stickler Syndrome include spondylolisthesis, scoliosis, Scheuermann-like kyphosis, and thoracolumbar abnormalities, including Schmorl nodes and platyspondyly. Endplate abnormalities could be detected in radiographs as irregular vertebral borders, sclerosis, and disc space variations. 14, 15 Another skeletal dysplasia recognized during infancy and adolescence is brachyolmia. Three types of brachyolmia have been identified so far, either autosomal recessive or dominant forms. Besides distinctive characteristics concerning metaphyseal changes in the long bones and variations in the femoral neck, all patients present a shortening of the trunk, generalized platyspondyly, and kyphoscoliosis. 16 -19 The incidence of Scheuermann disease that comprises kyphotic abnormalities, Schmorl nodes, or irregularities of the vertebral endplates has been estimated at 1% to 8% of the general population. 20 Overall, Morbus Scheuermann is a quite heterogeneous disease with still unknown etiology. Therefore, up to now, the diagnosis is based on clinical and radiologic features and has to be separated from other rather rare diseases that comprise similar spinal alterations. The shape of the vertebrae with irregularities of the vertebral plate is not typically characterized by the central hump, and there is no epiphyseal dysplasia of other joints predisposing to early development of osteoarthritis.
The overlapping phenotypes indicate that SEDL mutation screening is an important new diagnostic tool to prove the diagnosis in patients or families suspected to carry that disease.
Today, over 20 different mutations have been identified in patients with SEDL.
2,4 -6,9,12 These mutations are spread over the gene's entire coding region comprising exon 3-6. Mumm et al first described the mutation identified in the present study. 7 It leads to a predicted loss of 36% of SEDLIN, the corresponding protein for which the precise function is not known. It has been suggested that the protein is involved in intracellular transport processes of molecules, which may be of special importance for cartilage because chondrocytes need a high synthetic capacity for extracellular matrix molecules. Furthermore, the association with early development of osteoarthrosis might depend in part on a quantitatively reduced biosynthesis of extracellular matrix molecules. A more detailed investigation of SEDL may lead to a novel pathogenetic model for vertebral body dysplasia and early development of osteoarthrosis.
Conclusions
Patients with SEDL show the typical morphologic deformations of the vertebral bodies comprising platyspondyly and a central hump. Because of the rapid progressive multiple degenerations of the spine, it is necessary to ensure close medical attendance and offer genetic counseling and lifestyle advisory. Heterozygote female carriers obviously show no signs of spine degeneration due to mutations in SEDL, but it is advisable to implicate all female family members in the examination for genetic counseling in order the prove the carrier status. Mutation screening is an important diagnostic tool to differ- , C, E) , showing the deformities of the cervical spine and the not age correlated retrospondylophytes, signs of spondyloarthrosis (C, E) and osteochondrosis (A, C, E). Figure 5 . Sequence analysis in one male patient (II-4) and two female family members (I-2, II-2) revealing hemizygosity (II-4) and heterozygosity (I-2) for the mutation (delAAGAC) at nucleotide position 267 to 271 of exon 5 of the SEDL. II-2 is obviously not affected with this mutation and therefore she has no carrier status. EXON 5DNA Genebank SEDL sequence for exon 5; EXON 5 cds SEDLIN coding sequence for exon 5. entiate SEDL from other diseases with overlapping radiologic findings.
Key Points
• Back pain starting around puberty is often the first sign in male SEDL patients.
• A hump-shaped deformity of vertebral bodies is a typical radiologic sign of SEDL.
• The diagnosis can be confirmed by mutation analysis of the SEDL-gene.
